Inflammation is a common feature of murine models of AKI. The endogenous mechanisms which serve to limit inflammation and reduce the severity of AKI are poorly understood. Zhou et al identify progranulin as one such protective mediator. Deficiency of progranulin was associated with increased inflammation and increased injury in both ischemic and nephrotoxic models of AKI. Moreover, administration of exogenous progranulin reduced AKI even when delivered after AKI was established. Interference in NOD2 pathways is suggested as a possible mechanism for protection. PRGN-based therapeutics are under development and might have application in the treatment or prevention of AKI.
PGRN, also known as acrogranin, proepithelin or GP88/PC cell-derived growth factor, is a secreted glycoprotein, that can be converted by proteases to granulin (GRN) (2) . PGRN and GRN can bind to a variety of intracellular and extracellular proteins, including metalloproteinases, TNF receptors, TLR9 and ER chaperones. The ability of PRGN to bind diverse proteins likely accounts for its observed role in multiple physiologic functions underlying the maintenance and regulation of normal tissue homeostasis, including regulation of inflammation, wound healing and host defense (2) . PGRN was originally identified as a growth factor for cancer cells and was shown to mediate tumorigenesis in many forms of cancers. PGRN also functions as neurotropic factor, and mutations in the human gene encoding PGRN are associated with frontotemporal dementia (3) . Recent work has discovered that PGRN has potent anti-inflammatory properties and ameliorates certain inflammatory disorders, such as rheumatoid arthritis.
PGRN is expressed in epithelial cells, neurons, immune cells and chondrocytes (2) . Considering the abundance of PGRN in epithelial cells of other tissues, Zhou et al. examined PGRN expression in the kidney (1). High levels of PGRN transcript and protein were found in kidney, with expression largely observed within tubular epithelial cells. Since renal ischemia and nephrotoxins affect the tubular epithelium, the authors examined the pattern of PGRN expression after an ischemic insult. In response to ischemia, the expression of PGRN in the kidney decreased rapidly followed by a gradual increase several days later. Likewise, proximal tubular epithelial cells subjected to in vitro hypoxia showed a decrease in PGRN expression. Paradoxically, plasma PGRN levels increased after a renal ischemia. Although the mechanisms behind the contrasting PGRN kinetics in plasma and kidney are not known, it is possible that PGRN within epithelial cells is released into the circulation subsequent to ischemic injury. Measurements of PRGN in the supernatant of tubular epithelial cells and urine and venous effluent of ischemic kidneys might provide more insight into its fate after ischemia.
Having found high expression of PGRN in kidney, the authors examined its role in ischemic AKI. Mice deficient of PGRN showed more renal dysfunction, tubular injury and cell death compared to ischemic wild type mice. In addition, mice lacking PGRN showed extensive infiltration of neutrophils and macrophages and enhanced production of pro-inflammatory chemokines and cytokines suggesting a protective role for endogenous PGRN in ischemic AKI. Apart from ischemia, nephrotoxins are a common cause of AKI. Cisplatin is a widely used and highly effective anti-cancer drug with a major adverse effect of nephrotoxicity. Similar to their observation in ischemic AKI, mice deficient in PGRN also showed more renal dysfunction and tubular injury in response to cisplatin. These studies provide strong evidence that endogenous PGRN is protective against AKI. Further work will be required to establish the source of PRGN which exerts this effect.
A crucial part of the study examined the therapeutic potential of PGRN in AKI. First, the authors found that recombinant PGRN reduced apoptosis and cytokine production in tubular epithelial cells subjected to hypoxia in vitro. The authors next examined the preventive and therapeutic potential of PGRN in ischemic AKI. Both wild type and PGRN deficient mice were treated with PGRN and subjected to renal ischemia. Pretreatment of mice with PGRN resulted in a dramatic reduction in renal dysfunction, tubular injury, infiltration of neutrophils and macrophages, and production of proinflammatory cytokines and chemokines. Of even more translational interest, the authors also demonstrated that administration of PRGN as long as 12 hours after ischemia still produced significant reductions in renal dysfunction and tubular injury. A comparison of kidney injury in PGRN deficient mice and in PGRN treated mice indicates that recombinant PGRN had a greater protective effect than endogenous PGRN.
Damage-associated molecular pattern (DAMP) recognition receptors, such as NOD-like receptors and Toll-like receptors, are important mediators of tissue injury in sterile inflammation of various organs, including kidneys. Recently, NOD2 was shown to mediate ischemic AKI (4). While examining the mechanism behind PGRN protection in kidney injury, Zhou et al noted an increase in NOD2 expression after ischemia and a negative correlation between PGRN and NOD2 expression, i.e. kidneys from mice deficient in PGRN had higher expression of NOD2 than wild-type mice. In renal epithelial cells, hypoxia increased NOD2 expression and this was prevented by recombinant PGRN. In addition, PGRN treatment diminished activation of NF-kB, a major mediator of proinflammatory cytokine and chemokine production and also a regulator of NOD2 expression (5). These results are consistent with negative regulation of NOD2 by PGRN and provide a possible mechanism by which PGRN attenuates kidney injury (Figure 1 ). To explore this pathway further, the authors assessed the effects of PGRN in NOD2 deficient mice. As shown by others (4), NOD2 deficient mice had attenuated ischemic renal dysfunction and kidney injury. PGRN administration to mice lacking NOD2 did not impact renal dysfunction and tubular injury as compared to vehicle treated NOD2 deficient mice, suggesting that PGRN mitigates ischemic kidney injury through NOD2. Studies in mice lacking both NOD2 and PGRN would provide more definitive information about the relation between these two mediators.
These observations of Zhou et al. are or particular interest in light of recent findings regarding the inhibitory actions of PGRN and Atsttrin (a synthetic fragment of PGRN) in TNF signaling (6) . TNF is one of the major drivers of inflammatory diseases, including ischemic and nephrotoxic AKI. TNF acts through two receptors, TNFR1 and TNFR2. While screening for PGRN binding partners, Tang et al. found that PGRN binds to TNF receptors with high affinity and blocks TNF-TNFR interactions. Treatment of mice with PGRN or Atsttrin prevents inflammation and TNF-mediated intracellular signaling in a mouse model of arthritis (6) . The possible importance of PGRN blockade of TNF signaling to the inhibition of NOD2 expression and attenuation of ischemic AKI was not addressed by Zhou et al.
(1) and deserves further investigation. Studies in a variety of forms of kidney injury point to a causal relation between TNF and tissue injury. TNF is an inducer of NOD2 in epithelial cells. Therefore, it is possible that PGRN binding to TNF receptors and attenuating TNF signaling leads to a reduction in NOD2 expression and ischemic kidney injury ( Figure  1 ). PGRN has also been shown to promote the expansion of regulatory T cells (7) . Since regulatory T cells reduce both ischemic and cisplatin AKI (8) , this constitutes another plausible mechanism of action for PGRN. Additional studies in mouse models deficient in PGRN, TNF, TNF receptors and/or T regulatory cells would provide more insight into the mechanism behind PGRN protection from inflammation and AKI. Nonetheless, with the development of a PGRN-derived protein, Atsttrin, which binds TNF receptors and exhibits potent anti-inflammatory activity with less adverse effects and far greater half-life than PGRN, the findings of Zhou et al. in AKI are very significant and perhaps can be exploited for therapeutic intervention against AKI. A hypothetical schema of PGRN function in AKI. Toxic or ischemic insults stimulate renal epithelial cells to produce proinflammatory mediators of tissue injury including DAMPS and cytokines. The cytokines secreted by epithelial cells and infiltrated immune cells activate NF-kB signaling and incite a cascade of inflammation characterized by the production of further cytokines and chemokines and upregulation of NOD2, a DAMP recognition receptor. TNF produced during kidney injury binds to TNF receptors and activates NF-kB signaling. PGRN can bind to TNF receptor and inhibit TNF signaling. PGRN is constitutively expressed by renal epithelial cells and also found abundantly in serum. In AKI, PGRN protects kidneys from renal tubular injury and attenuates production of inflammatory cytokines and chemokines and infiltration of leukocytes, possibly by inhibiting TNF receptor-mediated NF-kB activation and NOD2 induction. In addition, PGRN may cause activation and proliferation of T regulatory cells with subsequent protection from AKI. Tadagavadi 
